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MOISTURE METER 








M TURE METER FOR WOOD 
e furnished with either the saw 
ype handle electrode holder shown in 
ne ge istration r the hammer 
type f ard woods shown above 
uf 5 et 6U 


SAVING TIME and EXPENSE WITH 
Swift...Accurate MOISTURE DETERMINATION 


TAG-Heppenstall Moisture Meters offer Industry extremely accurate, time and *xpense-saving 
Jeterminations of Wood. Grain and Tobacco. Significantly over 1.500 are in economica 


Plants and Laboratories across America today 


WOOD —This TAG-Heppenstall Moisture Meter is now in international use for rapid and 
ntent tests by lumber producers, wood-working plants, lumber inspectors furniture and vens 
and the many other lines of Industry where wood is employed. It is light in weight, extren 


ate, and calibrated to a manufacturing tolerance of 0.25%. It accurately determines the 
of lumber . nstanftly. 

GRAIN—This model is the only rapid, electric moisture content tester approved and used 
partment of Agriculture 85 are in use at the Federal Grain Supervision Offices. Now off 
rice. Each Grain Meter is calibrated to a tolerance of 0.05 of moisture content, and 


are furnished for testing 45 varieties of grain, corn, seeds, beans, etc. 
TOBACCO—TAG-Heppenstall Meters for the determination of moisture in Tobacco da 
duction of America's leading cigarette manufacturers. They are used with equal success on 
tobacco, chewing tobacco and snuff. Tobacco manufacturers are enabled to maintain produ 
both weight and moisture content—5 or 6 hour tests are no longer necessary. The rapidity 
TAG-Heppenstall Moisture Meters on the job, enables the operator to keep a vitally constant 
moisture content of Tobacco in process or storage. 

Write today to Department | for more complete information on the TAG-Heppenstall Moistu 


you are interested 


¢. J. TAGLIABUE MFG. CO. 


Suitable for tests on Tobacco in prox Pp k a N a A 
ess or storage. Shortens the old 5 or ar an ostran venues 
6 hour moisture tests to a mere matter 


oP =~ 5 ma ad ia Brooklyn, New York 
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Johansson Gage Block Accessories appreciate just how much they 
increase shop efficiency. They help until you work with them. 
ITLL COST YOU speed up layout work and increase The new catalog explains the use 
& its accuracy. They facilitate check- of Johansson Accessories and also 
ing screw threads and numerous gives THE NEW LOW PRICES OF 
steps in the inspection of finished JOHANSSON BLocKs AND Sets. Set 
work. Perhaps some of these No. 1 — 81 blocks — now costs only 
accessories could help you in $285. Mail the coupon for a free 








5° 
TO FIND OUT 


JOHANSSON SET No. 44 






8 pieces —$65. Jaws 100 x 1%; 
Jaws 250 x 2; Scriber and Cen- 
ter Point; Ajustable Holder; 
Foot Block. 


NMceS°A 
WGEN 
RECORDER 


FOR THE MEASUREMENT AND CONTROL 
OF OXYGEN CONTENT IN PROCESS 
GASES AND COMBUSTION-PRODUCTS 


he latest product of M.S.A. Research, this 
instrument successfully solves a problem 
which has engaged the attention of many 
of our country’s scientists over a period 
of years. 
Uniquely new in every respect, extremely 
precise and easy to maintain, the M.S.A. 
Oxygen Recorder is designed for perma- 
nent installation and continuous operation 
in controlling the oxygen content of gase- 
ous mixtures used in chemical processes 
in measuring excess air in products 
of combustion from burner installations 
measuring oxygen content in nat- 
ural, manufactured, coke-oven and blast 
furnace gases, and in atmdspheres of 
hydrogen used in petroleum hydrogena- 
tion operations, etc. Each instrument is 


your tool making. You can't really 













copy of Catalog No. 14. 
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State 


Can be supplied to 
analyze oxygen in 
gaseous miunxtures in 
ranges of Oto I 
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to O to 





Compact, durable and efficient, thi: 

instrument is destined to become an 

valuable contribution to industry Full 

details of its construction and application S 


. 


will gladly be supplied upon request 


MINE SAFETY APPLIANCES CO. 


Braddock, Thomas & Meade Sts., Pittsburgh, Pa. 
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What good is Remote Reading 
unless you can rely on it? 





BENDIX-CORY 


AUTOSYN 


SELF-SYNCHRONIZING 


MOTORS 


afford thoroughly reliable remote 








instrument indication and control 


The circuit diagram above shows how simply Bendix 
Cory Autosyn Motors provide sensitive, reliable remote 
readings of many varied types of instruments, as well as 
remote actuation of light-load controls. One transmitter 
ind one receiver motor or one transmitter motor and sev- 
eral variously located receivers may be used. 


Features of Autosyn Type B (Illustrated) 
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BENDIX AVIATION CORPORATION 
MARINE DIVISION 
754 LEXINGTON AVE., BROOKLYN, N. Y. 
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f Meters, Watches, Professors, Qc. 


{IS probably is the first time that a technical magazine 
is brought out an issue which includes a text-book on 
neh of engineering. We rather envy the popular mags 
e nonchalant ease with which they can print on the 
‘A COMPLETE Novelette” without stretching the 
The “complete” text on any branch of 
ll never be published until the human race ceases to 
itself With recording its 


Instrumenta 


ess and concerns merely 


vements. 


and Doolittle 

A fairly exhaustive text on flow phenomena 
meters would not be a single book: Literature 
feet of shelf 


course this book by Professors Stewart 
icomplete 
flow 


ese subjects occupies some thirty space 


y large technical library. 
Vhat Professors Stewart and Doolittle have done—prob 
for the first time—is to distill the essence of the branch 


sclence summarized by the words ‘flow in pipes” and the 
nee of the branch of Instrumentation summarized by 


sé 
term “head meter,” and combine them into a well 

lered “continuity.” 

lime will tell whether this novel approach will be ac 


most heuristic, the most rational, the most 
vical, and so on. When we 
our first impression was that it 
ncomplete. (In self-excuse we must mention that the origi 
| title took in too much territory.) On second thought 
applied the acid test, ‘‘does it work?” and found that 
did: engineering graduates sent into Industry by these 
) professors had a marvelously thorough grounding that 
However, still prejudiced be 
use of the omission of important classes and types of 
had the manuscript read in the instrument de 
by some men who have 


med as the 


received the manuscript, last 


October, was deplorably 


most convinced us. being 


eters, we 


irtments of several large plants: 
ritten engineering texts as well as by some novice in 
rument engineers and metermen. The consensus compelled 
eceptance, conditional upon our getting off our chest cet 
tain pertinent remarks—a sort of unsolicited Preface—some 
which appears above, the rest as follows: 
thousands of varieties of 
the metering of liquids and gases. Omitting those de 
gned for liquids flowing in open channels and considering 
ly those for liquids and gases flowing in pipes, we find 
hat the total still runs into thousands. Classifying these 
commercial distinctly 
erent from one another in essential principles, one still 
thirty and forty such distinct types, the 
xact number depending on the particular method of scien 
fie classification, but now one finds also that all of them 
n be divided into two—and only two—fundamental groups, 
hichever one of the schemes of 
assification is adopted: 
Phe “P & I” 
Group 1. Positive 
Group 2. Inferential 


ihere are commercial devices 


uusands of 
4 


varieties into “types” 


nds between 


two possible scientific 


The “Q & R” Scheme 
Group 1. Quantity 
Group 2. Rate 


Scheme 


numerous, tens of millions 
mete! 


Group 1” meters are the most 
them being used in this country to 
soline, oil, etc. Their function is to cownt successive quan 
ties of fluid—generally isolated quantities and in_ the 
eat majority isolated volumes—and to report this numeri 


water, 





cal measurement on a register which is positively d e} 
through a correctly calculated gear-train, by the } ma 
element which is an arrangement of one or mor t 


diaphragms, rotary partitions, tanks, ete. Although the 

of millions of residential and commercial gas, ate) 
petroleum products meters are Mass-productl the 
fundamental “pe sitive’? method is capable of extreme iccu 
racy. High-grade models, in which the succe ( im 
of fluid are almost perfectly isolated | be ' t 
ete., and associated valves, are widely used s trust { 
laboratory standards. They cannot, however, measure rate 


of flow witl 
clocks 01 


all by the 


(except when equipped accessories en 


tachometers) and therefore are not discussed at 


authors. 


All “Group 2” meters measure primarily rate Ey 
They include the most numerous classes, types, specie 
varieties—so many of them that the authors (although the 
teach the principles of nearly all) decided to write only o1 
the “head” class, using in the concluding chapter the sam«e 
mathematical treatment which they develop in the fi t 
chapters. Other authors could unfold other formulas a1 


logically end up only with area meters, or with thermal mete 


Not only are the numerous classes and types of fluid m« 
ters subject to a common method of analysis, but this true 
of all measuring devices. Instrumentation brings togethe 
all measurement-minded technicians. For example a grouj 
of men in one industry had installed a wet-drum gas mete 
for an important application—so important that the 
doubted the registrations of this precision meter al felt 
they had to verify them. They did it first in the standa 
way, by means of a gasometer-like prover. Then, prompted 
by a devil, they used (of all things!) an inferent tvpe of 
meter; ves, an orifice meter! This outrageously hereti 
procedure certified then vet-drum meter, Dut It verifie 
their doubts. Are you mystified? So were the skeptics, but 
here is what was demonstrated the vet-drum mete 
“absolutely” accurate over each complete rotation, but 
was alternately fast and slow during each rotation becaust 
of the non-uniform geometry of its several compartment 


And now, believe it or not, when these exacting enginee 
want to determine the fast-and-slow effects to the fourt 
decimal, they use an inferential instrument they would have 
laughed at a few years ago: the simplest of then t 
free-float type area meter! 

This amazing experience was reported to the t¢ 
dustry—to men who ordinarily are not interested in I 
meters, Whether positive or inferential. Largely through ac 
tion by instrumenticians, there was a meeting of minds be 
tween the watch industry and the communicatio ist 
and the outcome is that the equivalent applicat f al 
“inferential” method has made it possible for the first time 
to analyze the “fast-and-slow” performance of | 
watches during one-minute periods instead of at one 
intervals. The ancient and noble science of H 
been revolutionized by a sort of osmotic infusion f t 
young and lusty science of Instrumentat pred 
the hundred-year-old displacement-meter indust fort 


fying and inspiriting itself by assimilating a numbe 
(men, methods and mechanisms) from ot] 


Realm of Instrumentatior 


migrants 


vinces in the 




















































Magnetic-coupling Type 
| iquid-level Gages 





Microsecond Timer 


Dynamic Balancing Machines 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When writing to manufacturers 
directly, please mention this depart- 
ment as your source of information. 

Or write to Information Section, 


Instruments Publishing Company. 








Diaphragm Type Valves 








Safety Head Centrifuges 
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Adjustable-range Lig 
Flow-rate Indicato: 


l nt tunated 


Independent Reset fo: 


Automatic Controllers 
Ml moto Reset 
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-ELGO 


* 
A light weight, pre- 


| 
/ 
cision built, self- 
contained pyromete1 
with open  taced, 
easily-read scale for 
temperature reading 
. of all surfaces (sta- 
tionary or moving). 
Commonly used on 
plastic, paper and 
textile mill rolls, 
motors, bearings, 
etc. Adjustable joint 
has 180° flexibility, 
for positioning to 
convenient working 


/ 


Write for Bulletin 506 for 


angle. 
+. 





complete information 


Wheelco Instruments Co. 


1933 So. Halsted St. Chicago, Ill. 


INSTRUMENT 
TESTING 


Accuracy Counts! 


© Delicate measuring instru- 
ments are at all times subject to 
hange ... with resultant effect 
n costs. Therefore, it’s a good 
lan to have E. T. L. check them 
t regular intervals so as to elim- 

ate any possibility of error. 

E. T. L. has the facilities for 
hecking measuring devices such 
is these: 


meters 


>, 
mibdsna Glasses 
lew Meters 


ressiére Gales 


Electrical Testing 
Laboratories ai 


East End Ave.and 79th St., New York, N.Y 





“ACE TEMPERATURE 
j  PYROMETER 


High-precision Bridge for 
Resistance Thermometry 


New I 


ent 


Portable 





M ller EB 


ent f r 





*Profilometer” 


] 
I 





NOW 


Wheelco Series 3200 





POTENTIOMETER 
CONTROLLER 


Matching the unusua sensitiv 


y 
the Famous CAPACITROL ntrol sys 
tem with the wel »stablished a 
racy of the potentiometr method 
temperature measurement W he 
again 2ads in supreme pertormar 
by offer ng this unbelievable solut 
for contro probiems f extreme a 


racy and sensitivity 


Write for Bulletin 


Wheelco Instruments Co. 


1933 Se. Halsted St. Chicago, Ill. 





‘““DUCTER”’ 
LOW RESISTANCE 
TESTING SE 


DIRECT POINTE 
r WN T 0000( HM 


YG 


JAMES G. BIDDLE CO. 
ELECTRICAL AND 
SCIENTIFIC INSTRUMENTS 
1211-13 ARCH ST. PHILADELPHIA, PA. 




















Combustible Gas Indicator Surface Temperatures W ide-range Exposure \ 







‘ 3 Fiat ’ NnOW? eW ton M 
Stationary The “Alnor’ photoelectric ex] ; 
or : : a rage ‘ 
Moving Combination Pyrocon Spciniie spoapte > 
Curved it} 

— Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 
Write for bulletin 








° . ‘ - fy te cerinie 5 e y 

f Illinois Testing Laboratories, Inc. = «z0-- y 
142 W. Austin Ave Chicago, Ilinols ee 

tise g we 
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. ee 
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SON 


~SSAMaseAN 


HARDNESS 
TESTING... 





done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 





In general use : sure i lues (f to} 

for specification peeds). Princiy new f 
purposes. Sim- 
ple, sturdy. Srapal 
Comparatively ; a 9 
inexpensive. tHanil ppeat in i] 


Illustrated 
bulletins ae vhs 
free. nae ae to. 4606 comiies/t 





bilit seis i chalga atone The Shore Instrument sop sid abutter combinatlo 
ted Factory Mutual Fire Ins. ¢ & Mfg. Co., Inc. sis ay ocala tt lia agi 


9025 Van Wyck Avenue, Jamaica, N.Y. 











High-pressure Laboratory 
Gas Regulato 
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rs 
area re NEW “ALNOR” PORTABLE , _C = : 
ae PYROMETER Color Comparator and 


} lor ite 
) to be ! I Shock Resisting, Float- I urbidime tel 
ing Movement, Has In new “Model SLC color 
5" Mirrored Scale ind turb t indic ito 
Metal Case. photoelectric S te int 
t | I ¢ ] oO } 


Write for Details 


ILLINOIS TESTING 
LABORATORIES, Inc 


142 W. Austin Ave. 
Chicago, Illinois 














| INTERVAL TIMERS 
| PROCESS TIMERS 
| PROGRAM TIMERS 
| TIME SWITCHES 
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= Write - 
I t I] ! \ 
re Electric Manufacturing Co 
I I lily ins} ! AUTOMATIC Mankato. Minnesota | 
I | le ” } ti 
tan ‘ fy e ad t 
cl 1 by use of special all The AU Purpose 
! | ti Crew nal ) "sD ‘ , * * 
2 ae AIR VELOCITY METER 
ter hy t b rit rt { ljust 
\ \ i new Alnor” t the liquid to be compared. It 
wat V elometer lated 10 100 for mea 
t} } fron tandard Adjustment 
“ I I'v tar I led f changing sensitivity to al 
; : es nstantaneous working ranee. Ateoretion 
: = Direct light-proof, glass-bottom c¢ 
ror: ci nails ' Reading izht beam reaches photoelectric 
{ t nt n | | ted for evil 
% , ” No Timing eR ae 
be No Calculations ate he ngs : ging 
t 1 Write 110 volts a.c. or d.c, Another type 
Gay t lial si wit ifet for Literature leveloped witl tand te 
U H ¢ Fis Lie Ve ILLINOIS TESTING LABORATORIES, Inc t ptior lL—Hss Ins 
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‘LUID FLOW MEASUREMENT 


by Head Type Metering Elements 


(Venturi Tubes, Orifices, Nozzles and Pitot Tubes) 


By F. C. STEWART and J. 8S. DOOLITTLE 


The Pennsylvania State College 


CHAPTER |] 
*%ERHAPS no subject appears in so many branches of 
| ee or so frequently as does the problem of 
y flow of fluids. We find problems of flow in water 
, carburetors, paper plants, ventilation systems, steam 
plants, chemical plants, oil refineries, aeronautics, 
geration plants, etc. While this list is broad, the fun 
ntal problems and many of the 
For the purpose of this treatise, the subject will be 
ected to two types of flow, namely: (1) the considera 
if flow 


objectives are the 


problems involved in a conduit to transport 
one location to another, and (2) the 
flow of fluids in a conduit. In these two 
the fundamentals involved are the same 
quite different. In Case 1, it is generally 
ssary to have as small a pressure drop in the pipe line 
2, fluid measurement is no 
accomplished by intentionally inserting a device which 


is or gases from 
urement of 
while the 
ctives are 


practical. while in Case 


jluces a pressure drop large enough to be measured 
rately. 
U through 
tering elements is assumed to satisfy the requirements 
steady flow and hence the mass and energy relations 
these conditions may be applied. In reality, the steady 
equation is a statement of the law of conservation of 
ergy, ie., energy of all forms entering a piece of equip 
nt (in our case, the pipe line or meter) must be equal vo 
energy in all forms leaving the piece of equipment. 
Generally speaking, in applying the equation of steady 
vy to flowing fluids, it may be assumed that the chemical 
nergy of the flowing fluids remains constant. Furthermore, 
echanical energy (energy of rotating or reciprocating 
arts of machines) does not enter or leave the system. 
lowever, the fluid itself, upon entering the pipe line o1 
neter, carries with it certain kinds of energy and as it 
ives it possesses the same forms of energy but they are 
enerally of amounts different from those at the entrance. 
rhese forms of energy are (1) energy possessed by the 
ponent parts due to their motions and relative position, 
called internal energy, u; (2) energy due to the mass 
locity of the flowing fluid, kinetic energy, KE; (3) en- 
rgy due to elevation, potential energy, Z; and (4) the en- 
rgy of the stream transmitted by virtue of flow existing, 
E.F. In addition to the energies possessed by the slowing 
fluid, heat, Q, as such may pass through the walls of the 
ece of equipment. All of these must be expressed in the 
me energy units. But since E.F’. may be evaluated as Pv//, 


nder normal conditions, flow in a conduit or 


(where P 
and J 
1e equation of steady flow may be evaluated, per pound of 
uid, as follows (assuming point 1 to be at entrance and 
int 2 at exit): 
ly E.F.; KE, Ao OS is 


In measured units, letting V 


pressure, lbs./ft.7, v sp. vol., ft.3/Ib., 
mech. equivalent of heat, 778 ft.-lbs./B.t.u.) 


E.F.o + KE» + Ze 


velocity in ft. per second, 


Pyvy Vi Z) Povz V2 Z: 
—_ + — + — +QqQ Ue —--- — + (1) 
J 2qJ a B 2gH J 


in B.t.u./lb. The heat, Q, passing through the walls, is to 
added to the left hand side of the equation if it passes 


imbered bibliographical references will be found at the end of 


hapter. 









through the walls into the flowing fluid; otherwise, it must 
be a subtractive quantity. 
The second important equation is the continuity of f] 
This equation simply states that the masses per se 
AQ (HEAT Ww 
a ’ HF ws 
a i ~~ = 
Y | 
—— 
es > 
ant ENERGIES 
. \ OF FLOWING 
Mi ( FLUID AT Fig bi : 
2gJ | ENTRANCE Teed = q 
past points 1 and 2 are equal and that the tota 
any fluid passing a given point is equal to the produc f 
the cross-sectional flow area and the meat elocit 
or in equation form 
( 1\ ( 
u wt.in lb. see., \ irea, ft 
sp. vol., ft.*/Ib., \ vel.. ft./sec 
When dealing with fluids at approx it mMosphe 
temperature, the heat flow, Q, may be 1 d. If the flu 
is flowing in a pipe line that is practic: rizontal, ther 


Z, and Z» are 


approximately equal and can be neglecte 


Equation (1) may then be reduced to 
P; Vi Ps V5 

u dy ! B.t.u t ( ) 
] 29] ] yd 


If the fluid may be treated as 
the drop in pressure from ?; to Ps does not 
change in volume) then 
Furthermore, if there 
the fiow, uw; and ue 
sible fluids. Equation (3) then becomes 


incom pre thle (that IS, }1 
produce i 


and vy. may be taken as cqual 


resisting 


s no appreciable friction 


may be considered equal for incompres 


(P; Po) , in ft lb. lb (4) 


29 

Equation (4) is useful, as will be shown later, for the 
solution of problems of flow through a conduit of changing 
cross-section, or short pipe when the kinetic energy change 
is the main energy change. However, if the area for flow 
remains constant, inspection of equation (2) shows that fo 
a given weight flowing, the velocity 
the specific volume does not 
(4), if the velocity remains 
change in pressure. This, of course, is to be expected for 
flow without friction, the cross-sectional area and density 
remaining constant. 

If friction is present, then the intrinsic energy will not 
be constant. For ordinary conditions not latent 
heat, the temperature is the property of the fluid measured 
to evaluate the internal energy magnitude. Also, the tem 
perature change encountered may not be greater than 1 o1 
2°F. and is difficult to determine accurately. Hence the 
evaluation of the change of internal energy is difficult and 
impracticable to use in equation (3). Other means than the 
steady energy equation must be found for fl 
in a conduit of constant cross-sectional area. 


remains constant if 
from 


there will be no 


change. But equation 


constant, 


involving 


Ow 


treating 
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( 1 ce } 1ce iul accelerat I | V must be 
) \ t ] t I} an int tr? Ute 2.17 lb. mass S called 
4 { ] t ne { ne \\ the yrds f mass or densitv (mass pe init 
cult t equ ised limensioniless g Ips, al the Mass 
‘ nd I the Tac e accel ition due t 
n ft./sec must be added t ‘ up to ma 
nless. Thus « la n (2) must r ¢ tte) f t 
R ised inds pe 1. ft. This becomes 
x 
g g 8 3 i D\ l 
wt v7 ? 4 N ¢ N v«< «< 
6} \ L) 
é 
ss By experiment. it RY that t 
l l L 
e ee eee 
) i / / 
s hey numbe e Reynolds 
1) 
) 
it I ( j ( } l 1 
®) i | ! ct ract 2 ( t 
006 D\ 
4 
, 
2 
1)\ 
l l titute ( lat ( ) 
‘ 2fLp'v 
] ‘ I 
Di 
( ‘ i 1 \ l 
; Some tert { oe + Far friction f2c4 
i ( i { 
+ 7 nf n< 
l ( t } 2 7 t ¢ lat l ( ) 
{ t ) ty ther 21)\ 
; ; \ > 
’ a ! S t] \ 
’ T ? / 
2D 
4 ' 4 ‘ Values I I t ( lal i)’¢ f l times ti! S 
quation (7) and |] A. must be take t ‘ 
mibe f endent iriables t sma ’ 
ether tl] alu f en should be ‘ 
] ‘ ‘ l ( it r + } , + ‘ t¢ be 4 
{ } { ) 
‘ i yrryre S ! ! 31S i rie 
The it n of the ] nning f et } fact 
( | I thie na ( Se] ' wiles Cal : ; 
Rey) ds numbe s chow? | ) » 
‘ ‘ ryt a . F } rn r : > 
, ) ‘ ri ) ‘ ‘ of ‘ It ‘ } 7 ited ry eTerence to | a ? that + , 
Tacto cu r as a muc¢ qd erent slope for Re 
t ! ( ! tted | n Cons s 
bers below about 2100, called critica Rey 1 
ist be t Cl fa t Dimer na i? ; . ’ ; 
than Tor the high Reynolds numbers Furthe 
ec 4 + tinent } 
Triction-ftact cu ( S a Straignt ine (when } t 
( 1 t ! Unie I n } . . . 
r-loo” scales) TO the sma Reynolds numbe 
‘ lime? nles 1 mav have beer : 
Cu ed Tor the highe ilues. This may be expla 
; ku . He ne , \t ty 7 
fact that the natur ef - ferent at the 
{ ct { tie WmMens ma ups ent nto al 
lat (| 1 f the function must e dete 
‘ ie t.) ~ té I these ! tations, dimer 
ilu e t f t é nee ind 
n 
( 1 1 { 1 ( qdimens l LDS : i ( = — _ +S 
‘ ; tte ; rent t} ’ r) tte } C ‘ ? 
; > t ) ) c na} t Ihe ( mmo? 
Fig. 3. Visc s tlow Fig. 4. Turbuler t 
r « ? t mens ? rout this problen < 
\}? 1)\ | xh Reynolds numbers. Below the critical Reynolds 
(>) ber, the flow is said to be streamline or viscous ( 
| ) . ; . 
l particles f fluid move n concentric rings, the ve ( 
ere Al’ is lb. *ft.-, e is density in slugs ft.*, V is velocity each inner ring being greater than that of the ad 
n ft. sec., 1) is diamet n feet, is absolute viscosity i1 uter ring). This kind of flow may be illustrated 
t SOK r« sq. ft and ] s leneth ‘of pine in feef al 1, flow of water at low velocities through ‘a olass pipe 
denote function of colored fluid is introduced into the center of the pipe, 
( ut n must be exercise n the el ce of units for use flow alone in the center of the stream without colo. 
im ¢ lation (.>) The unit f force 1s commonly taken as rest of the water (see Fig. 3). 
ne pound. Density deals with the amount of matter (i If the velocity of water is gradually increased, at 
" " " . " 1 ) + 
the n s) per unit volume. Although the density of a sub nothing happens. However, at a particular velocity, 
} ’ “nhic fF h » vill he ; +] rhs 7} 2] d #} } ll ) 
stance Ss commonty reported as pounds’ per cubic foot, here li De an abrupt cnange. colored Tluld Willi sprea 
we are dealing: with pounds mass. This*may seem rather coloring all of the water (see Fig. 4). This has 
confusing, but t lefinition-of a unit force ‘should be kept brought about by a change in the nature of the flov 
: . “aes * 
n mind. The pound force is the foree that will give an ac particles of the fluid now move across the pipe as We 
celeration of (7) 32.17 ft./sece.- to the: pound mass. The ahead. This flow is Said to be turbulent. The veloc 


vell-known equation connecting foree and -mass is F’ MA. which this change-over from streamline to turbulent 


From this equation it may be seen that the units of force curs is called the Critical velocity. 
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RECORDING CONTROLLING - INDICATING 
; nstruments 


TEMPERATURE + LIQUID LEVEL 
PRESSURE + FLOW + HUMIDITY 

























IS SIMPLE EQUATION SAVES 1 OUT OF 3 
RVICE JOBS... 


in FOXBORO ORIFICE METERS 


Foxboro meters have up to twice as much power to over! 
come dirt, rust and other unavoidable causes of friction 
because of the longer float travel and larger float. The long 
float travel also reduces temperature and pressure errors 
because these errors decrease in direct proportion to in 
crease in float travel. Result: Years of accurate opera 
tion without adjustment, without cleaning or recalibration 
Think what that means in time and money if you are 
among those who are used to cleaning and recalibrating 
their orifice meters every few weeks. You can save | out 
of 3 service jobs. These and many other direct bene 


fits to you are detailed in Bulletin 200-3. Write for a copy 


THE FOXBORO COMPANY 
46 Neponset Avenue, Foxboro, Massachusetts, U. S. A. 


Branch Offices in 25 Principal Cities 
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ea { t scous |! i pressure drop is neces suggested that the Iriction factor be increased 
to eo! Live f the fluid at a different velocity 10%. For sizes larger than 2”, the friction factor d 
from that of tl jjoining layer of fluid. (The pressure ipproaching that of the copper and brass pipes. 
ne Sal t vercome the VISCOSITY of the fluid that As has been pointed out, the Viscosity of a flui 
tends to keep all the fluid moving with the same velocity, great effect on the friction encountered during 
liscussed later.) has been noted that the Reynolds number varies 
The distribution of velocity for streamline flow is shown — as the viscosity and also that the character of flow, 
n Fig At the wall of the pipe, the fluid has zero velocity lent or streamline, is a function of the Reynolds 1 
The maximum velocit s at the center of the pipe. Thus { good mental picture of this magnitude is, theref< 
essary in order to properly understand flow of fluid 
LSS Viscosity is defined as the resistance offered by 
: to the relative motion of its particles. This might bh 
4 trated by the sketch, Fig. 6. If the surfaces A and 
osees separated by a film of fluid whose thickness is 7 
ee ge 8 Vinay iorce F’ causes A to move over B at a uniform velox 
. os relations can be written 
waV 
Fig Ve y distributios F 
T 
ich laye f fluid is moving at a different velocity from where F force in dynes 
that of the layer next to it. This means that it must be fe area of surface in em. 
pulled away vwared from the adjoining layer. The | velocity in em./sec. 
ighne of the wall has no particular effect in the case T thickness of film in cm. 
f viscous flow as the wall is simply coated over with a absolute viscosity in poises, dyne sec./c1 
ive f the fluid which is at rest. The above being true, Krom this relationship, it can be stated that the f 
t may be shown that for a streamline flow, the value of directly proportional to the absolute viscosity and the 
Fanning frict factor f is equal to face area a and to the rate of shear of the fluid V’/7 
16 n also be applied directly to streamline flow in pip 
“SET TPP a already stated. In this type of flow, the only variable 
; = &- velocity or rate of shear, hence the foree or AP ine 
be being tl ise, the value of f may be calculated with fluid velocity. The unit of absolute viscosit 
, ct ee low Fon equation { va), dynes seconds 
64 in the CGS absolute system and is ca 
: centimeters 
Reynolds numb« poise. A smaller unit, called the centipoise, equal t 
On the other hand, due to the cross flow of the mole poise, is often used. This work was carried on in pl 
cules of a turbulent flowing fluid, no analysis has been laboratories first and hence the metrie system was u 
evolved for the calculation of the friction factor for this but since the foot, pound, second system of units is usé 
type. However, attempts have been made to make an equa engineering in this country equation (8) may be 
tion to fit the experimental curve of friction factor shown ; LAV 
n Fig. 2. No simple equation has been devised, as yet, that f 
will aecurately give the friction factor for all values of 
RETR ad in which each notation has the same meaning as & 
' (8) but expressed in the FPS units. The absolute visc 
Furthermore, due to the cross flow mentioned above, the 
flowing fluid sweeps over the walls of the conduit. In this pounds seconds 
ing flui | i u 
case, the roughness of the walls makes a material dif sq. ft. 
ference in the friction factor. This may be seen by Unfortunately there is no generally accepted name f 
comparing the two friction factor curves that are given, unit. 
one for copper or brass pipe and the other for new com Referring again to viscous flow, it was noticed t 
mercial steel or iron pipe In general, small pipes are rela fluid is allowed to flow through a vertical pipe (see Fig 
tively more rough than large pipes, as the internal pro due to its own head and density, the time required f 
jections on the small pipe are a larger percentage of the given volume to flow will be directly proportional t 
pipe diameter than are those of large pipes, for the same 
absolute roughness of the large and small pipes. Hence - 
friction factors are larger for the small pipes than for the > A I, —> 
large ones having the same absolute roughness. The values — ry) Mm 
of the friction factors given in Fig. 2 are for pipes from * {| 
0.5” to 2” in diameter. For sizes smaller than ‘2’, it is Fig: 6. Quantities involved ia. viscosic 
To Show Reynolds Number is a Constant for 
Any Set of Consistent Units—Water at 80 F. 
System of Units - 
(luantity Symbol Absolut: Absolute Absolute 
ft pound forces SEK ft pound mass t cm., gram mass, sec 
Diameter I 1 ft 1 ft 30.48 em 
Velocity 1 20 ft. /sec 20) ft. /sec 609.6 em. /sec 
Density rn 1.935 slug ft 62.2 lb. mass ft 0.997 g¢./em 
Absolut: * 1.741 Ib. force sex 6.01  Poundal se¢ , dyne sec 
Viscosity 10 ft 1) ft ¥-0US9 PATS 
Kinematic ' 0.9 ft U.9 0.00833 — 
Viscosity 105 sec 105 se aor 
Number equals 2999 Onn equ ‘ie 9 o9 2 000 aa nin Fig. Ostwald 
cometer. 
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f the New Haven Pulp & Board Company's multi-point flow-metering equipment. Left. 3 of the 6 Cent nax MeterB 


x Six-Point F w Re le Right 


Kew! MULTIPOINT FLOW RECORDS 


WITH Comtrinm@x HIGH-ACCURACY INTEGRATION 





LEEDS & NORTHRUP COMPANY, 4955 STENTON AVE., PHILA., PA. 








MEASURING INSTRUMENTS + TELEMETERS + AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 
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“YOU’RE CHARGING 


ME TOO MUCH 
FOR STEAM!” 





{i= superintendent of department 
“B”’ was raising Cain, 
You’re robbing me!”’ he said to the 
wer plant manager, “How can | 
keep my costs down if you charge me 
s much for power ?”’ 
But the manager of the power plant 
id a ready answer. 
“Look,” he said. “Every bit of gas 
d steam you use is registered on these 
harts.’’ And he pointed to the Taylor 
Recording Flow Meter Charts. 
lhe use of flow meters for measur- 
g fluids is not new to most industrial 
plants. But in some plants—perhaps 
yours—there are not as many in- 
ruments as there should be, for effi- 
ent, economical operation.Or perhaps 
me instruments have served their 
e and should be replaced. 
laylor Flow Instruments and con- 











1, 2 or 3 pen Flow Recorder, with 
differential pressure, static pres- 
sure or temperature records 








Flow or Liquid Level 
Indicator 





systems will meet your most ex- 
acting demands, whether yours is a 
comparatively simple requirement of 
indicating or recording flow of liquid, 
gas or steam —or a complex control job. 
Here are some of the instruments you 


will find included in the Taylor Flow 


line 

Dial Type Indicators—(or |ijjuids, or for gase 
or steam uncer constant pres-ur 
Recorders—singie-pen typ or liquid t 
pen and three-pen ty pes or gases or tea 
Integrating Recorders—(for lijuids, or for guse 
or steal 

Controllers—singie-pen types tor liu two 
pen types tor gases and stear 


Time-Schedule Controliers; Re-Set Controllers; 

indicating Flow Controllers and other types. 
For years, Taylor has been making 

the finest indicating and recording in- 


struments —of all types—that science 
ean produce. A Taylor Engineer will 














Recording Flow or Liquid 
Level Controller 


“THAT’S WHAT YOU 
THINK. LISTEN...” 


pe glad to discuss the spec al probiem 
of your plant—to show you how Taylor 
Instruments and Control Systems can 
help improve your products, increase 
the efficiency of 


of your plant—and pay 


for themselves through greater econ- 


. ‘ ’ 
omy ol operation. Catalog of tlow or 


other instruments sent on request. 


i 
Taylor Instrument Companies, Roch- 
ester, N.Y. Plant alsoin Toronto, Can. 
Manufacturers in Great Britain—Short 
& Mason, Ltd., London, Eng. 








indicating Recording * Controlling 





TEMPERATURE, PRESSURE,FLOW 
and LEVEL INSTRUMENTS 


Indicating Flow or Liquid 
Level Controller 
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wilowable pressure drop, the type and diameter of 
find the quantit fl of a given fluid (5) giver 
tity flo and } yperties of fluid t be transmitted 
i able pressure dro} t find the pipe dlamet 
$ en type equired (4) g en the pipe diamete 

ible pressure drop and quantity and the pro; 
tne fluid { nnd the equ ed ISCOSITV oO} temps. 
(.) Same aS case 4 except Scosit emperature 
t hnd the TIT pipe t De 1Sé 


Case 1. Illustration 1. Given 2 


SAE 50, at 100 F. is flowing per min. through a ne 
rd Zz S1¢ pip 100 ft. long, t find the pressure 
iD 

Solution: The friction factor depends on Reynold 


ber. DV; or Dy / 


must be c: 


section area 1} 
20 
{t 3% lume ol] poe Se( 
().44 
Ve ocelt + 19.1] 
() (VARY 
osity LOO] ft sec. (from cu ¢ 
OTZ 19.4 
R 
') ()] 
This is in turbulent region an 
By use of equation (7) 
2 O.0138 LOO | 
\pP 
0.172 > o 
ths. /in oe 
Illustration 2. Given 200 gallons 
gv ina standard 2” steel pipe pe 
n lbs. /i? 
diam 0.172 ft 
e] 19.15 ft./ sec 
nematic Sscosity O.OO000L2Z32 ft 


turbulent Tk 
2 O00 
\/ 
179 
(} 
1174) } ++ 
| . 
“« 4) 
Iustration 3. Given air ; 1 
! ibs } , ripe ] ) 
‘ s 100 ft quantit = DO) 
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\ 4 | 7 
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ey) 
ft ( BO 
0) ‘\t R 
SE¢ WOOT j6¢ 
) ,OOAS LOO OTe 


SS. Ibs ? 


Case 2. 


Illustration 1. Given the 


pressure drop and the 
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ange-Changing Easy, 
uick, Inexpensive! 


It is often necessary for industry to change the range of flow meters to meet diff 
conditions. With the Brown Electric Flow Meter Body such a change can be made quickly ; 
cheaply by simply substituting a new range tube of proper size in place of that g 

Six interchangeable range tubes are available that cover a span of 20" to 20 fw f 
deflection) which permits changing the range without disturbing the orif r shutting dowr 
The Brown Meter Body is easy to clean—it can be taken apart, cleaned and reassembled wit 
wrench in less than 30 minutes. 

Highest accuracy is assured by the Inductance Bridge Principle of Operation. Availat n tw 
—one for working pressures up to 2,500 lIbs., tested at 5,000 Ibs.—the other for pressu 


5,000 Ibs., tested at 10,000 Ibs. 


Send for complete information about this New Brown Meter Body—write f 





describing many other advantages of Brown Electric Flow Meters. THE BROWN INSTRUMENT 


wn Circular Chart Recording Flow COMPANY, a division of Minneapolis-Honeywell Regulator Co., 4482 Wayne 


j phia, Pa. Offices in principal cities. Toronto, Canada: 117 Peter Street—Amst 
‘eter with i i ! 
Automatic Recording Wijdesteeg 4—England: Wadsworth Road, Perivale, Greenford. Middlesex—Stockholm. 16 Sw 


Planimeter and Integrator. Nybrokajen 7. 
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Ol oa }s ft | 181 ft Ilustration 2. Given p Pe. as 17 |lbs./in. 2/20 
: pipe. Pipe size is 4” standard steel. the fluid is w; 
18 = ere ode 1D. Tt 60 FF. Find the ft.*, min. tlowing 
“ae D = 4,026” or 0.336 rt. 1=0 
There ine ten t it cannot be found , mel) frie iP 200 
fact on ¢ oe Hide < 95 
| ne?) ariou 1) {) yt) 
‘ ( med i ft items ce 1 
? + + + } . 
‘ Cig ! e determin 62.3 ibs./ft j 
0.01604 
nue GO Tt.?,/ min | {t. eC. 
T T 
| 
ri vel 11.22 ft./sec 
+ + - U.08S9 
‘, 0.336 X 11.22 < 10 
_ M ; = } } | fo 114,500 f 
1.2 
E T 2 (0.0048 * 595 X 62.3 11 
AP 
7 + + )» 
a’ ss gar 
1390 lbs./ft. 9.66 |bs./in. 
| 1 nh is low 
uy = a | | i , | | | | \ssume 100 ft.?/min. 1.667 ft.°/see 
- : a “an 
\ 18.72 ft./see f 0.0046 R 
"i ie Y ps » 0.0046 DOD 62.3 18.7 
i rt \p . aie 
1) 9 
| | Fd 10 lbs./ft 25.78 lbs./11 
“. “a N. \ ' : 
a tae ye 4 j } } | ich IS hign 
) 7 a \ 
° 4s ~N \ | ° “*) . 
2 - > fA v \ Assume 80 ft.°/min 1.333 ft. °/sec. 
+ ; rt Q ? + + } 
5 yY edie i | | | | 14.94 ft ‘ R L330 14,500 1] 
/ >» | 
4 LZ 4 = K / OOS 
y eee Gemeente “Ce } { 
~ AN Se 
> 2- Q- | - 0.0047 Qh 62.3 14 
: ; 1 084 oe Se | AP 
y — > 
Q | ~ Ve 
7 : . 2562 lbs./ft 17.8 lbs./in 
- ee 99 159 = A60 169 470 LIS | higl 
“a ttymir » l ) ameter jn ff, Ic! IS pt ss F ’ 
} : ;' I'rom curve, Fig. 12, the flow 18.2 ft.4/min. 
Case 3. Illustration 1. Given quantity, viscosity and 
sity or tluid and allowable pressure drop, determine 
} MeSoyHy ) ‘ ) e t } 
! ibstituted n the bove equation When the Ap thus pape necessary. Given 1, cUU,00U ft. alr per ods at ft 
btained equals 1.2 |b./in the correct eight -> bata and 14.1 ibs./in.= abs., allowable pressure drop is 1 It 
ssumed pre WU ft. of pipe; find pipe dlamete equived 
18 
Assume 20.000 Ibs. ] 5 Ibs. /sec / (Fig. 9) 
417 10 
’ ’ t il 
‘ 126 ft. see 500 
) 4 spepe 
VIS] \ssume 1) — 1.5 ft 33 r=) 
0.481 x 126 10 y 4 
R 935 000 f 0.0042 1,200,000 
‘ Vel 1&8. » Tt Se 
dd 3600 
» 0.0042 AD bo’ (243 1 V¢ 14.7 { 
Z L é at) 2b ( 14 
Af NG lhs “Ft i = 
- 0.071 lb./ft 
Bide o.00 60) 
2 Xe) \ I 
1.4 he n.2 hich ist hig) 1.5 188.5 10 
144 R 1.570.000 
18 
\ ime 000 lbs. /} Sinee this flow is ( » of forme} 0.00 
" r ] 7 7A 8 ‘V4 > i? 2 4? J 7 
alue, Ve 0.75 12¢ 94.5 ft./ sec 2 0.004 333 0.07] 1.885 
STN } na ir'¢ ric inged and | IS no 0.75 of ft me AP 
1e, R () 75 933 000 TOO.O00 dom 
; 0.004 POR Ibs tt 1.45 ibs in 
hich is high 
2 0.004 POS 0.24 4 
\ L 00 
99 Assume 1) 1.75 ft. 286 | 2.41 
oe ) 7 
126 Ibs ft 1) 27 he } — I bo 
1.77 
( Ss \ ( 188.5 138.5 ft./sec 
) 1] 
~ i 
Assume 18,000 Ibs. /1 0.9  12¢ 11 1.75 X 138.5 K 10 
R ;g ) O00 RBO TOO OOo R l O00 
18 
2 O.004 2OS PAS 11: 4 } 0.004 
j 9) { ‘ aod » 
Se Z 0.004 286 O07 138.5 
ie \] 
17 ) f+ 1?0 hs ? Ae 
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New Trends in Rate-of-Flow 
Measurement 


By KERMIT FISCHER 


Fischer & Porter Co., Philadelphia, Pa. 


RING the last two years a definite reversal 
f trend in the development of 
measurement 


idustry. The area type flow meter, long a neg- 


meters 
of-flow has become noticeable 
d poor relation of the hcad type meter, has in 
form of the rotameter sight flow meter sud- 
ly elbowed its way to the front. Already it has 
pletely replaced the head type meters (orifices, 
nozzles, venturis, weirs, capillaries) for a 
mber of important applications and apparentl: 
the of 


ment is still just getting 


process replace- 
under way. 

A perusal of the pat- 
office files shows 
the 


increasing, 


ent 
that 
1880's 


far back as 
and 
so in the first decade of 
the 20th century the in- 


as 


herent theoretical ad- 
vantages of the area 
tvpe flow meters wer 


recognized and patent 


on numerous forms were 


taken out. Equally ob 
vious were the inherent 
limitations of the head 
tvpe meters. Yet the 


area meter re- 
mained mainly a curios- 
itv, hauled th 


moth balls only for spe- 


tvpe 





out of 


rotameter used In a rayon 


t solvent-recovery unit 
cially difficult metering 
applications until the 
early 30’s of this century. Not till Fischer & 


Porter Co. in the summer of 1937 announced the 
availability of precision bore interchangeable tap- 
ered metering tubes for rotameter sight flow me 
ters did the area meter really blossom forth. 
CA\/2gh the 
meter (rotameter) obtains measurement by var 
ng the value of A” 
is the head meters vary the value of “h’”’ 


In the Toricelli equation Q area 
(area of flow orifice) where- 
(head 
producing flow). Thus the rotameter “gets out 
‘rom under the square-root sign” which results 
n practically linear calibration scales instead of 
quare-root scales crowded at the lower end. The 
range of flows which can be accurately metered 
s thereby tremendously increased. The argument 


for 


that new orifice plates for a change in rang 


easily made is invalid since this { 


wide range without shut-down and, furthermor 


does no vive 


It 1S as easy, 1f not easier, to accurately make 
a new rotameter float (which can be insert 
without breaking the piping) as to make a new 
orifice plate. Two or three floats can even | 


used in one rotameter at one time. 

Krom. the 
ter has the advantage of 
run of pipe 


Ol 


Installation standpoint the rotame 


not requiring str 


before or after it, or attent 


LON 


location valves and elbows, or 


vanes. The elimination of a manometric device 
with its “metering fluid” is another practical ad 
vantage of great importance in mensurem 1 
prlsatine flows an 
vhere Corrosiol 1¢ 
’ es ont 
The visibility of both 
the fluid metered and 
the metering ement 
practically eliminat 
undetected rrol qu 
to fouling or ot 
mischance. In remote 


recording rotamete! 


the 








alnst 


1 ¢ 


straightening 


ability to visually 


te I r sigh son INYs Ol the SECO! daar 
tor 100 cc. min. capac ‘ . , 
Instrument while in 
pho cied « elay i itl 
in alarm or an matt operation at any poll | 
trol (perfume service) . l 
of the scale is a rea 


advantage. 
Reference has been made, in the preceding para 
Numerou 


models are available, all characterized by a 


graph, to remote-recording rotamete) 
CO! 
bination of simplicity and reliability 
sible by the linear characteristic of the single mo\ 
ing part in the transmitter, and by total absence: 
of “drag” on this measuring element. 

The further one delves into the details of the 
rotameter functioning, the more advantages com 
does not ne 


to light. Space limitation 


discussion here but further information will glad 
be supplied on application to Fischer & Porte) 
Company, 114 West Penn St., Germantown, PI 


( 


lelphia, Pa. 
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/) ( a - > 
y V 
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More data are required for other fluids. 
Case 4 may be of importance where oil is transmitted | 
, , : yee , . : Sudden enlargement losses are calculated by the |] 
a | ‘ ! cold eathe! If the size of pipe, pressure f l 
, . ormula 
», Quantity and the properties of fluid are known, the | 
emperature, t vhich the oil is to be heated so that its ] [1 (d,/ds) =] 
, , . . ») 
. { (Oe not exceed that Viscosity fixed by the above . ad . 
intities, must be determined , h. is head loss by enlargement in ft. of wat 
Illustration 1. Given pipe line 500 ft. long, 4 tandard To illustrate the use of the data, consider a 6° d 
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@® Power service requirements often include the generation and distribution of 


steam, compressed air, brine, hot water, gas and other fluids. 


The Engineer whose duty it is to produce and distribute these services can 
organize and simplify his distribution problems by installing a Bailey Fluid 
Meter on each departmental line. Information recorded by meters installed in 
this manner makes possible accurate charges to each department and enables 
Power Engineers to cooperate with Process Superintendents in arranging a 
schedule of operation for the most economical utilization of service facilities. 
The accuracy and reliability of Bailey Fluid Meters is indicated by the wide 
use which District Steam Heating Companies and their customers have made 
of them in establishing billing charges for steam. One user alone buys over 
300.000.000 pounds of steam per month and is billed in accordance with readings 
obtained from Bailey Fluid Meters. 

Details regarding the application of Bailey Fluid Meters to your particular 


distribution problem will be furnished without cost or obligation. 


BAILEY METER COMPANY 


1041 IVANHOE ROAD , CLEVELAND, OHIO 


Bailey Meter Company Limited, Montreal, Canada 
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tne Lilt l lid De T $s Same 
2 { ) When dealing \ the flow of liquids in 1 
, e cal ‘ Savews f ntine amount of fl may be determined directly by eith« 
The esult thu byt e al Kl} , Addit ng the quid r measuring its volume Volume 1 
; ure ‘ ‘ > ib et ment Tf testing purposes n ay bye done DV Mear 
I F co 4 4 { f 4 Drated tanks, } ied that the liquid does not na 
Ihe , n si ning 7 m ¢ en , It ' 
' A ; } ‘ als 4 ; nae pressure tl emal!l n the liquid state, that 
‘ {’ ‘ 4 ‘ trop 9 a A ‘ Cal Ale ead i¢ {i 
— ‘ ‘ ‘1 not give off toxie vapors, is not subject to conta 
ne ‘ er ‘ la ! ! i v C1 is qu 
/ exposure to the air and does not have to be 1 
hile in movement. The usual commercial method of 
P? | 7 P | A measurement is by means of volumetric displacen 
; Q ‘ ters. Such meters are furnished ready for use, hence 
j Die ] ] ] j : . ’ 
Bid further discussed in this text 
n-compressibie Tulds, there sa irnge decrease in the The nature of gases and vapors does not read 
i J tern ind a responding ncrease ! tne t ter I jirect measurements of flow This being the case, 
methods must be found for the measurement of f1 
ind vapors as well as for the flow of liquids. Alt 
, EXAMPLE: THE DOTTED LINE Sh S THAT THE . 
RESISTANCE OF A6B"STD SHORTRADUS eiaow there are several methods for indirect measuren 
A d J LS 
4S EQUVALENT TO I6FT OF 6° STD. PIPE flow, this discussion will be limited to the two « 
NOTE: FOR SUDDEN ENLARGEMENTS OF methods, namely, the pressure drop method and thi 
CONTRACTIONS, USE THE SMALLER DIAMETER. method. 
a, ON THE PIPE SIZE SCALE | 
In the pressure drop type, al obstruction to flow 
| 
n the pipe line, purposely decreasing the flow ar 
| 
; decrease in area necessitates a highe velocity throug 
va iat » reduced area. In order to provide this increase 1n ( 
\ TANDAR as a pressure drop is necessary. If this pressure drop « 
4A - 1 } . 1] ] va | 
r : measured, the increase in velocity and finally, the 
1 4 4. } } } ] + } 
be caleulated, provided that the fluid and meter cha 
S) if 
“ Ww “ stics re known. As the meter characteristics are 
| / x 30 aa 
| . > tion of the nature of the obstructio1 it 1S well t 
r 2 s ™ ~ it this } nt the common methods of reducing the f} 
a “ >) ' 
V A Py wy = There are three common methods of reducing t 
> ~ é +e rs ra) a. VV t ; 1} } t} 
' q q * ivallable for flow, namely, the Venturi tube, the 
; S Q 2 l¢ (sometimes called the rounded-entrance orifice 
a Y xe ' : . 
EN LMARGE MEN 3 = “ : bell-mouth orifice), and the thin-plate orifices In add 
J 7 ' a ~ ~ is ~ 
o*4% S = thes fourth type, the thick-plate orifi S 
y -~ ; ; 
/ : x 8 bs 
r y-.3 5 . ised 
silies $ i ; tal 
+ Fig. 18 shows a typical section of a Ventwn ube 
s > ~ 1 
LF y fe - - R . « « 3 to be noted that the tube consists I three parts 
, [ VA N y z K 44 Q converging section that provides the deci ne 
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+ “ wy 
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Fig. 17. Resistance of fittings 
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Oa a ww ew wr er apa eee 
. ZS 
the 1 nas been adilabath \ of the / J energy chang dN 
as gone into ercoming trict I For ¢ npressible fluids 
in expansion of ime accompanies the ! f pre Fig. 18. Venturi tubs 
sure and il ncereast I elocity esults 1 a ( nsta 
C) ss-sect ! f fi li t cas } +} PP? ] ind the te ry 
contribute ens ry te } luce icce le it , f ff } ind t tting up the pressure drop; 2nd the throat sect I 
ercon friction The flow tends to be similar to that ip illy made of constant cross-section for a short d 
‘ e and s ild not be considered as the cast ve (%% ynne diam.) so that the minimum pressure 1! 
ata i a= 
trated above ecurately found; and 3rd, a diverging section, 
the high velocity set up is gradually transformed bai 
; essure head. If no friction is present, the transforn 
. ' be complete and the pressure leaving the Ventu 
. vill be the same as that entering. Actually there 
\\ ‘ \ ' ’ . Mat | oa ae ] ¢ } 1] or » 4 } 
small loss of head, normally 10% to 20 of the dro} 
} M \ the throat. The Venturi tube, although long, bull 
; RY ‘ expensive s used for measurement of flow in_ pip 
! uct vrere it is essential that the over-all pressure ad! 
\\ \ HH, : AI minimized. 
) M a \ flow nozzle is illustrated in Fig. 19. It is to be 
’ I \i i . is . 4 i. 9 
that the flow nozzle has two of the three parts of the 

















y, the converging portion and the throat. How 
converging portion of the flow nozzle, instead of 
ght like that of the Venturi, is curved and much 
4s no diverging tube is provided to give orderly 
ation of velocity head back into pressure head, 
he a considerable overall loss in pressure when 


nozzle is used. Due to the sudden increased area 
it exit of the flow nozzle, there will be a decreas« 
ty and some increase in pressure, but fluid turbu 
events this pressure regain from being more tha 
as large as for the Venturi meter. Because It 1s 


IS 
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1% 
eaper and much more compact, the flow nozzle 
ed in preference to the Venturi where its ove) all 
ressure drop is not objectionable. 
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Fig. 20. Thin-plate orifice 


lhe thin-plate orifice, Fig. 20, is simply a round hole in 
center of a thin flat plate. As mn 
either orderly contraction or expansion of the fluid 


portion 1s provided 


ream, these processes are disorderly. The result is that 
ring contraction of the fluid stream, there is considerable 
rbulence and as a result the forward (mean) velocity of 

stream through the orifice is less than through the same 
e Venturi tube or flow nozzle. Hence, for the same pres 
ire drop, the discharge from the thin plate 
ich as 40% less than from the other two metering el 


orinee 1s as 


ents. Furthermore there is a contraction of the stream 
fter it has left the orifice. This place of minimum cross 
ction of the stream is known as the vena contracta. As 
e amount of discharge from a given size thin plate orifice 
affected by the condition of the upstream side of che 
fice plate, care must be taken to remove all burrs left 
hen the hole is made in the plate. Likewise, a slight round 

off of the edges on the upstream side of the plate, eithe: 
ring the manufacture or as a result of use, will affeet the 





scharge. For the same maximum pressure drop, the ove 
pressure losses for both the thin-plate orifice and the 
nozzle are about the same, as neither has divergent 
ections. The thin-plate orifice is the cheapest and most 
mpact of all the metering elements} but unless care is 
ken, the amount of discharge through a given orifice ca) 


+ 


be accurately predicted. 





A SINGLE OBJECTIVE .. 


A SINGLE RESPONSIBILITY 


The Republic Flow Meters Co. offers a complete 
manufacturing and engineering service in the 
field of measurement and control. We will be 
glad to co-operate with you in the solution of 
any metering or control problem, whether it 
involves a single instrument or the automatic 
control of an entire process or plant. Your in 
quiries will involve no obligation on your part 


ELECTRICAL FLOW METERS. For metering the 
flow of steam, water, gas, air, oil, brine, etc. The read 
ing instruments, indicator, recorder and integrator, are 
remote reading and can be supplied singly or in any 
combination desired 


MECHANICAL FLOW METERS. A simple me 


chanical meter, indicating, recording and integrating 
the flow of fluids. 


CO2METERS. Provides a continuous record of per- 
cent CO>2 in flue gas measured by the Orsat method 
Furnished with either mechanical or remote reading 
indicator and recorder. 


DRAFT INSTRUMENTS. Indicating or recording 
types in single or multiple units. Furnished in all stand 
ard ranges of draft and pressure 


THERMOMETERS. A long distance, expansion type 


thermometer with either single or multiple pen recorder 


LIQUID LEVEL INSTRUMENTS. Remote read 
ing indicators and recorders. Also provided with 
various types of alarm devices 

MULTI-POINT INDICATORS. Will indicate, on 
separate horizontal scales from two to sixteen units 
of draft, pressure, flow, tempeature, COz, etc., in any 
combination desired 


MULTIPLE RECORDERS. Will record on a wide strip 
chart, from three to six separate records of flow, temper- 
ature, COz2, pressure, etc., in any combination desireu 


BOILER CONTROLS. A centralized, automati 
system for controlling steam pressure, combustion 
furnace pressure, excess pressure, boiler level, etc 
Automatically regulates the fuel and air input to a 
boiler in measured proportions and in a fixed ratio 
for the entire load range 


DESUPERHEATERS. A venturi type desuper 
heater wherein the rate of water flow is controlled by 
the steam flow in correct proportion to reduce the 
steam temperature to the degree desired 
REGULATING VALVES. Turbine type valves 
designed for regulating the pressure and flow of 
liquids and gases including high pressure superheated 
steam. Built in accordance with A.S.A. standards for 
all pressures up to 1500 lbs. per sq. in. 
REGULATORS. For the automatic control of pres 
sure, draft, rate of flow, rate of fuel feed, speed of rota- 
tion, liquid level, etc. For proportioning two pressures 
or flows. Regulators may be either air or oil operated 
Data Books Mailed Upon Request 


REPUBLIC FLOW METERS CoO. 
2249 Diversey Parkway °* Chicago, Illinois 
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Figs. 24 and 25. Compressibility factors 


re generally too large to use with thin-plate orifices) 
xcept for extremely accurate calculations. In case the 
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ature at the downstream side of the meter cannot 


easured conveniently and accurately, this temperaturé 
be approximated by assuming reversible adiabatic ex 
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from the initial temperature. 





following magnitudes must be known in order to ca 
te flow through a meter from equation (7). 
Maximum pressure drop in meter (not the overall) 
Absolute pressure on downstream side of meter (or at 
the throat for the Venturi) 
Temperature of fluid, if a gas, at the point the abso 


ite pressure is measured (to determine density 
specific volume) 

Pipe diameter 

Diameter of metering element at the minimum cross 


section 
Coefficient of discharge 
Properties of fluid 

(a) Density 


(b) Adiabatic exponent, /, ete. 


he first five magnitudes are directly measurabie and 
coefficient of discharge may be determined by ealibra 
f the meter. This latter is a difficult thing to do, pai 
vy for gases. However, where accurate results ar 
ed, direct calibration must be done. If results withit 
ry three percent of true values are acceptable, ther 
shed coefficients may be used. Unfortunately, many of 
published results hold only for the conditions used i1 

determinations. This is particularly true regarding 
location of pipe taps for the measurements of pressuré 
ps. In many cases it appears that the location of thes 
taps has been determined solely by convenience, wit] 
regard to the effect on results. The following statement 
ld be noted: “The 
principle to be observed in locating a side hole at 


ch pressure is to be taken off is that it should, if prac 





t errors of position then have no appreciable effect o1 COCHRANE CORPORATION, 3120 N. 17th St., Philadelphia, Pa. 
pressure observed.” , oe DS z " : < ; s ‘ eee ee 
case the Venturi tube is a purchased one, the pres 
taps generally are correctly located. If a calibration is 
nished, it will be for the taps as lodated. If the Venturi 
is to be home-made, a choice of location of the pres 


es 


SEPARATORS 


taps 1s up to the designer. The upstream tap is gen 





































sure head, resulting’ in an increase in statie pre 
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| / / ivers S not al nstantaneous one, the 
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| / 7 wv t f + ] 
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/ / / f / ng pipe taps. Care nould be taken that there 
} / / } / a mm te no provec n extel ne nto the mall 1) r 
/ ? r 3 } i flow OVE the pipe 


A t , a } 
<a P F /| / A lf sma hippie, t vhniel manometer ce nnectior 
ie OE A F / made, May be brazed ove the hole to the outsid 
f 7 / f a e 
~ Ee. f ” “ pipe Fo) irge size meters, It 1S recommended t 
Lo y f Pg rad ai } : 
, sf f j—.*2 sure taps be inserted in several points around tl 
F a t : u f 
4 A —— ference of the pir If the pipes from these pipe 


— oo are | 
- y J yw ught to a common header, the average pressu 


oe s 
Ay ° a btained. Care should be taken to see that the met 





— 1 ) 
es ment 1s preceded by ten to twenty pipe diameters of 
Sa fam amin 1 pipe and followed by about f as long a piece I 
pe of the same diameter as the upstream p poe 
nreve) »| 1o ha? ter of flo hat occurs 
; I snstream pressure Ds fic el ace sie vent change In characte ro! Ww, that ccu 
' \ . Iibpows and othe hittine’s, Trom crowding the Mu 
} \I | t > . 1 } 
side of the metering’ element. 
Che amount f straight ul I pipe necessary 
cated bout ne pipe diamete upstream fron metering element is dependent on the setup prec 
ere the tream starts to converge and the downstre in Straignt rut hus, two elbows in series cause n 
} 1 re cated at the cente) f the throat. For bot] ilence than does one elbow and hence require more 
‘ no ( ind the thin-plate rinee the upstream ta} ul f pipe to allow this turbulence to die out 
ild also he ocated about one pipe diameter upstrean factor atfecting the length of straight run of pipe 
ry + ‘ y , y 4 . : : | l J ] 
l metering element. The exact location of the up Is the ratio of metering-element diameter to pipe 
t im tar , ; nn? 4 . , ] 
eal ip is not as important as is that of the downstrean If the metering-element diameter is relatively sma 
the f nozzle and thin-plate orifice. There is littl velocity in the pipe upstream is also small and 
nge in the static pressure as the fluid approaches thes iallable for the turbulence to die out in a comp: 
etering elements. However, as the fluid leaves these mete) short length of pipe. The opposite is true for a 
elements, there conversior I velocity head into pres element diameter that is relatively large and 
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requires a longer run of pipe. It is sugges 
ider refer to the American Gas Association Re 
eh gives charts showing the etfect of both the 
the line and also the relative meter diamete! 
t shows also the effect of placing straighteni 
e pipe. Although this reference deals with thi 
fices, it may be used for other types 
pointed out in Chapter I, the friction factor, 


etion of the Rey nolds number. The coefficient 


f a metering element, being a function of fric 
so a function of the Reynolds numbe Although 
ts f calibration have been plotted against eithe 
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. . 1 T ») 

+ + + + + + + + = 
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city of flow or amount of discharge, these plots are of 
limited use that the far more general method of 
g the discharge coefficients against Reynolds numbe 


en here (see Figs. 27, 2811, 29, and 30) 


i 7 . re 
these values of coefficients are average values for meters 


excellent condition (smooth walls, ete.). If the walls are 
ted or covered with rust or seale, these discharg 
ents will he im error. 

general, the larger the diameter ratio (meter dian 

livided by pipe diameter) the larger is the coefficient 
the coefficient for metering elements in large pipes is 
rally larger than for metering elements in small ones, 
e same Reynolds number.!* An exception to this is the 
f a thin-plate orifice at high Reynolds number. For 
eme accuracy, a family of curves for the homologous 
plate meter must be determined. Only one curve 7 
ficients is given for the Venturi and rounded rifice be 


ise coefficients obtained from various sources show such 


if agreement that only an average curve is presented 

the effect of Reynolds number on coefficients for 01 
f Venturi, see Fig. 27. For high Reynolds numbers, 

coeficients should ordinarily be correct within one o 


percent. At Reynolds number lower'‘than 1,000, the smal] 
ount of data available shows such wide divergences that 
ficients in this region are omitted. 


It is recommended 
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~~ 4 orifices tor high R 
+f | r——| mbers 
2 SS >_< eee ee a : 
45 of °; I 
ge P< } 
5 
j 
¢ 
SSS 
5 a Pipe 
~ See ———— 
c Frey PO/AS Nu 7nher © 10? 
ect in with Re ynolds numbers | f This work deals entire ly with thin-plate orifices. Spe 
libration f the metering element should be tions are given for the construction and installatio) 
shows coefficients for thin-plate orifices at low rifice, together with locations of pressure taps, so tl 
mie These coefficients were determined fo. tabulated factors may be used directly. Work has bee) 
L pipe { ¢ an inside diameter of 1.272”. by other industries to adapt the fundamental flow 
ents f the thin-plate orifices for the hig! tions to suit their particular need. The example 
imbers. Fig 0, hold only for flange taps (taps typical. This application to the particular fields is 
nt to the fice plate). Although the pressu the scope of this work, however, and the ead l 
re rifice plate is a little higher than at the ow the literature of specific Industries or branche 
ta, the pressure t the upstream sid if che neering if he is to deal extensive \ vith one marticu 
s also slightly higher than that found one pipe f a flowing fluid. 
stream wcking more accurate nformatior If calibration of a metering element is necessar 
nts may be ust I orifices with pipe t sirable that the metering element be calibrated in the 
CCOMIMENGCE PIACes size pipe and under approximately the same condit 
be noted that ull cases at low values of the pipe and conditions of its future service. If this 
mber the discharge coefficient changes rathe it is not necessarv to determine the dischare 
i change n conditions and 1s somewhat ul ts« All t necessarv is to know the prod 
il phe Reynolds numbers, the discharge ce This produ . hn as ned | stats) 
ns ipstant constant Large ilues of tion (7). knowing the eight flow s. the met 
oe may be obtained by maki! small mete fluid density and the pressure drop. Of course f 
ed ft foes not cause t inge al tions are changed, the value of the product YCM 
ire a longer valid for the given mete | nstance : a3 
. n thus 1 e method Se ive eC of ng element be stalled in a pine f different s f 
ture al dap et any flowing fluid. Ih one used in ealibratior the value f the approac Tac 
ee. | to ae th o1 changed and hence the product )CM also chang‘ 
ye ; ' ne ee pie 5 a , na nest dentally, the product YCM is sometimes erroneous 
‘- $s sarincdeiaiaioe en a ple} the coefficient of discharge It s not the true coeffi 
hat ice ewpoint. 7 Ss Mas been done lischarge but may be termed “discharge facto) 
( (; Association Inasmucl t Ss col ; 
rn the ndust t dea vith the in int I calibrate flow meter, it S necessary to dete 
) { imes t standard « ase conditions the true weight (« volume it known conditions) 
{ ‘ lations ive been modifi to vive through the metering element. Wher possible, it is de 
( t. The formu eve ( them is ble to actually weigh the fluid or to actually measu 
} } } } F Ke F — volume at some apie col dition. Whe re this is 
tical, the actual flow may be determined by use of a 
tit ats P ‘ : sens Pe ously calibrated meter. In the case tT alr, the most 
i it ry mon method is the so-called Durley box method. The 1) 
it sails box, sometimes called multiple-orifice low-press 
stn San’ provel s general ya larg cylindrical tank, two 01 
ay manage feet in diameter and somewhat longer than this, cont 
st iture oe fac baffles to ensure even flow through the box. At one e1 
oe temp ture fact he box, there are several thir plate rifices, generally 
fic cravitv fact two inches in diameter. Air, that has passed throug 
compressibility facto meter being calibrated, is admitted to one end of the D 
ential pressure. inches vate box, passes through the box and out to the atmosphe 
ite static pressure, Ibs. it way of the orifice at the other end. A valve may be 
is beer ne unde the uspices of the between the meter being tested and the Durley box t 
s Association t letermine the values of. the trol the rate of flow and to maintain the desired air } 
The results a presented in a report ! sure at the meter. The rate of flow determines the nun 
gether with ae i ns of the flow quatior of orifices in the Durley box that are to be used. It 








keep the pressure in the Durley box a few inches 
above atmospheric as this is a large enough pres 
mit accurate measurement by use of an inclined 
and at the same time the pressure drop of 
lows to the atmosphere is so small that the com 
factor may be taken as unity. Orifices not re 


cne 


ay be closed off with large corks. As the area fo 
aching the orifices is very large in comparison 
rifice areas, the velocity of approach is very low 
ipproach factor may be taken as unity. The coeffi 
lischarge of a 2” thin-plate orifice, discharging ait 
atmosphere under these conditions is practically 


actual weight flow from the Durley box may be 
the following equation. 
i  _—_— 

u — \ 2gh lbs./see (8) 

essure in the Durley box above atmospheric is, of 


the 7 14 


pressure drop across the orifices.!% 


€ 


comn 


iercially available Durley box, or meter prover, 
he more satisfactory than a home-made one. 
case the pressure of a fluid in a duct is only slightly 


than atmospheric, the insertion of a metering ele 
pressure drop type will seriously decrease the 
of flow and still the pressure drop may be si 
may be difficult to measure. A common example of 
at about atmospheric pressures is air to be 


¢ 


the 


small 


) 
W used 
tilation, heating or drying purposes. Flows of this 
may be determined by the impact type of flow meter. 
discussing the impact type of meter, it 
define the three pressures encountered in the use 
type of meter, namely: static pressure, velocity 
and kinetic pressure (often called dynamic pres 


i is neces 


ure, 


Static pressure of a fluid is the force per unit area 
ted by the molecules of the fluid for no flow, or at 
t angles to the flow. Velocity pressure of a fluid is the 


unit area exerted by the bodily impact of the 
lowing on a plane at right angle to the direction of 
Static pressure at a given point in the fluid the 
amount in all directions, regardless of whether the 
is in motion or at rest. Velocity pressure, on the other 
must be measured in a plane parallel to axis of flow. 
ic pressure is the sum of the static and velocity pres 


is 


n 


a small tube be tapped into the wall of a pipe or duct 
be taken to see that the tube is flush with the in 
pipe wall, then the pressure in the tube will be ihe 
pressure. If the tube is extended into the duct and 
nt at right angles and pointed upstream, the pressure in 
tube will be the sum of the static pressure and the 
ocity pressure or the kinetic pressure. Such tube 
wn as an impact tube. Impact tubes are used to deter 
ne discharge of air from conduits into the atmosphere 
inserting into the discharging air (see Fig. 31). It is 
ssumed that the cross-section area of the impact tube is 
small in comparison with the conduit area that the area 
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Single nutating piston volumetric displace- 
ment type, with integrating registers. 


For all liquids, including 
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2906 MAIN ST BUFFALO, N. Y 
of the discharging stream may be taken as the conduit are 
at point of discharge. The impact tube is connected t 
manometer which has one end open to the atmosphere. T} 
manometer, then, reads the velocity pressure of the strean 
provided that the static pressure at the open end of tk 


impact tube is exactly atmospheric. It that 


normally true. The flow may be calculated by 


appears 


q \ 2gh ft.*/see (‘) 
Ot u 2agh IDS Sec 
where hh is the feet head of the fluid flowing that equ 


lent to the velocity head. 
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PROBLEMS 
Metering Device Already Installed. 


F. flowing through a Venturi, 4 
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Case 2. No Metering Device Installed. Illustration 1. inte ; 
Superheated steam leaves a boiler at 250 Ibs./in.- abs., 600 , 
t ugh a 10” pipe (extra strong). The maximum rat 
f fi is 100,000 Ibs./hr. The maximum pressure drop 
ugh the metering element is to be 10” of mercury. (This  S'@™ densit 2 UE 
Ire may be determined by the size of manometer availabl cas 
it can stand the pressure. At the same time, for sake of fe watt _ 1 26 bod 
ecuracy of measurement, a large drop is desirable.) Roon 7 V4 
it available to install a Venturi in the line without co? ) . "FY ro 
lerable trouble. The metering element is to be left in the he bes - ai en a , ee 
t TOO OO 
rhe choice of metering element lies between the thin-plate ( : : (2.465) 
the flow nozzle. The matter is one of personal pref We 600 
ce to a certain extent, but as the device is to be installed : U.200 Tf 
ermanently, it is recommended that the flow nezzle be used 2¢/ ™ 
it would be less affected by pitting, ete. Diameter 6.1 
he pressure on the downstream side of the nozzle is 4 6” diamete flow nozzle % 
250 — 10 X 0.491 = 245.1 Ibs./in.? abs This may be checked, eve s f 
As there is little friction up to the throat of the rounded 6.1 
zie type, it may be assumed that the expansion in the The diameter ratio is (). 
ment 1s a reversible adiabatic. By use of steam tables : F.9d 
a Mollier diagram for steam, the temperature at the From Fig. 23, M 1.08 
it of the nozzle is 595.1°F. The specific volume of the - P LU a 
am at this conditicn, from steam tables,!° is 2.465 ft.? Ib P P 
\s a start, the theoretical nozzle velocity may be found From Fig. 24.'1 1.904 : 
ithe From Fig 10, the kinematic ( t t 
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Illustration 2. Crude oil, specific gravity of 0.925, 1s floy 28.1 ft./sec 
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. ° , ’ . l rAD é. I 
‘ ire d » across a l diameter orifice if the 1 IS o0 0.99% 12 
ns yx minute and the oil temperature is 40 ee 1 ft. oil 0.925 ft. wate O:8197" 7 
() ( ty 0.92 62.4 7.7 lbs./ ft. - 13.6 
5 0.817 10” Hg. 
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